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Robotic-Assisted Coronary Artery Bypass
Grafting vs. Percutaneous Coronary Intervention
Strategies for Ostial Left Anterior Descending
Lesions

ABSTRACT

Background: The comparison of outcomes of robotic-assisted coronary artery bypass
grafting (RA-CABG) vs. stenting techniques (ostial or crossover stenting) for ostial left
anterior descending (LAD) artery lesions is still lacking. This retrospective study sought to
determine the mid-term outcomes of RA-CABG, crossover stenting (CS), and ostial stent
implantation (OSI) in patients with ostial LAD disease.

Methods: All cases were divided into 3 groups as follows: RA-CABG (group 1) (n=157), CS
(group 2) (n=104), and OSI (group 3) (n=178). The primary endpoint was defined as the
major adverse cardiac and cerebral events (MACCE), which included cardiac death, tar-
get vessel myocardial infarction, target vessel revascularization (TVR), stroke, and stent
thrombosis or symptomatic graft occlusion during follow-up. Thisis the firstinvestigation
comparing mid-term outcomes of RA-CABG, CS, and OSl as revascularization options for
ostial LAD lesions.

Results: A total of 439 consecutive individuals [male: 341 (77.6%), mean age: 59.58 * 9.35
years] with ostial LAD disease were included in this study. The rates of MACCE (P=.020
for groups 3 vs. 1; P=.011for groups 3 vs. 2) and clinically driven TVR (15.7 vs. 4.5%, P=.001
for groups 3 vs. 1; 15.7 vs. 5.8%, P=.014 for groups 3 vs. 2) were notably higher in group 3
than the others. The mid-term MACCE [(adjusted hazard ratio=2.129 [95% confidence
interval: 1.360-3.334], P=.001)] in the overall population significantly differed between
group 3 and the others.

Conclusion: The findings of the study suggest that OSI for ostial LAD lesions was associ-
ated with higher mid-term MACCE and TVR rates than revascularization with RA-CABG
or CS.

Keywords: Death, left main bifurcation, major adverse cardiovascular, cerebral events,
robotic-assisted coronary bypass grafting, percutaneous coronary intervention

“You never know what is enough unless you know what is more than enough.”

William Blake (1757-1827)

INTRODUCTION

Atherosclerotic plaque distribution in the coronary vascular bed can take on a
very intricate pattern in ostial left anterior descending (LAD) coronary artery
disease.” Despite invasive coronary angiography identifying these diseases as
simple Medina 0.1.0, it is typically difficult to predict the inclusion of distal left
main coronary artery (LMCA) disease.?* The complex morphological features
of ostial lesions and the requirement of high technical skill make the application
of interventional techniques for these lesions difficult.? Three revascularization
options are available in the modern intervention era for these difficult anatomic
lesions: surgery, crossover stenting (CS), and accurate ostial stent implantation
(OSI).™ The therapy of the stenosis of the ostial LAD artery is challenging owing
to the complicated effects of the distal LMCA, as shown by previous studies."?>7
Previously, OSI, CS, and other solutions have been tested. However, the findings
have not been convincing owing to controversial data in the literature.>” Several
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investigators have probed the performance of the OSl tech-
nique for ostial LAD artery disease;*” however, especially in
lesions that are not mapped in detail by intravascular imag-
ing modalities, the proximal stentsegment may protrudeinto
the ostium of the side branch, cause progressive restenosis
with postdilatation-induced distal LMCA injury, or may not
completely cover the atherosclerotic plaque.? Apart from
this, the side branch (mostly the left circumflex artery) may
be influenced by plaque or carina shift."? Even though percu-
taneous coronary intervention (PCI) with the CS technique is
associated with better clinical results, CS may lead to severe
stenosis, occlusion, or side branch loss due to plaque or
carina displacement.” Once this complication occurs, itinev-
itably requires side branch intervention or bail-out 2-stent
techniques."?>7 Furthermore, implantation of a drug-eluting
stent with the CS technique into the left main without ath-
erosclerotic disease has the potential to increase the risk of
in-stent restenosis or stent thrombosis.? There is a dearth
of large-sample size data and randomized controlled trials
(RCTs) regarding PCI techniques (CS and OSIl). Therefore,
the European Bifurcation Club (EBC) consensus report and
expert opinions emphasize that the best way to revascular-
ize ostial LAD lesions is still a debatable issue.’

Conventional CABG is an efficient revascularization
method for complex coronary artery disease; however, it
is an extremely invasive procedure that necessitates ster-
num dissection to access the heart. Consequently, it causes
extensive scarring, a lengthy recovery period after surgery,
and morbidity.®? Recent developments in coronary surgery
have shown that robotic-assisted coronary artery bypass
grafting (RA-CABG) has fewer short-term complications,
a shorter hospital stay, and reduced rates of morbidity and
mortality compared to traditional on-pump coronary artery
bypass grafting.” Given that there is a dearth of data com-
paring RA-CABG with OSl and CSin terms of mid-term clini-
cal outcomes for patients with ostial LAD disease (so-called
Medina 0.1.0 left main bifurcation disease), this study aimed

HIGHLIGHTS

e The present study demonstrated that revascularization
with either RA-CABG or CS strategies for ostial LAD dis-
ease was associated with lower MACCE and TVR rates
compared with OSI, whereas other endpoints including
mortality were comparable between the 3 groups.

e Crossover stenting technique appears to be a more fea-
sible strategy than RA-CABG in terms of length of hos-
pital stay and several intraprocedural non-fatal major
complications (i.e., pneumothorax).

e In contemporary clinical practice, for Medina 0.1.0 left
main bifurcation lesions, CS may be considered a via-
ble alternative to OSI and RA-CABG approaches in
patients with SYNTAX scores < 33, and we advocate
the assessment of multidisciplinary collaboration in the
decision-making.

e Larger prospective studies are needed to guide the
management of patients with ostial LAD lesions.
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to compare the mid-term results of RA-CABG, CS, and OSI
revascularization options in patients with this complexissue.

METHODS

Study Design and Population

This retrospective observational study included 439 patients
who underwent PCl or RA-CABG for ostial LAD disease
between January 2011 and March 2024 in our institute.
Demographicinformation, clinical and angiographic aspects
of the patients, and cardinal symptoms were collected retro-
spectively. Individuals diagnosed with ST-segment elevation
myocardial infarction, significant LMCA disease (30-50%),
incomplete revascularization, a bare metal stent, end-stage
kidney disease requiring hemodialysis, cardiogenic shock
status, premature discontinuation of dual antiplatelet ther-
apy, lost to follow-up, <1-year life expectancy, and absence
of medical records were excluded from the study. We allo-
cated the patient populationinto 3 groups based on the pro-
posed revascularization strategy, including RA-CABG (group
1) as surgical intervention, and PCl therapies including either
CS (group 2) or OSI (group 3). The final analysis comprised
439 patients, of which 157 were assigned to group 1, 104 to
group 2, and 178 to group 3. Figure 1depicts the flow chart for
patient selection and the exclusion criteria. The heart team
examined the differentintervention approaches (RA-CABG,
CS, or OSIl), considering the operators’ skills, current guide-
lines, institutional experience, and the clinical choice
reached after consulting with the patient. The patient and
physician were involved in a collaborative decision-making
process. Moreover, the revascularization technique or strat-
egy employed for intervention was non-randomized and
reviewed by multiple operators. [t may have been chosendue
to several clinical and anatomical factors that made opera-
tors feel they would be more successful with one technique
over the other. This could have resulted in significant uncon-
trolled bias. After receiving approval from the Institutional
Ethics Committee, this study followed all protocols out-
lined in the Declaration of Helsinki (number#2024.06-61,
date: 1911.2024). Additionally, no artificial intelligence (Al)-
enabled technologies (such asllarge language models [LLM],
chatbots, or image generators) were used in the production
of the submitted work.

Interventional Procedures

Participating primary operators were required to perform
300 PCl per year for 3 years. The stents that were implanted
with OSI| or CS technique in the LMCA to LAD position
were second- or third-generation DES, such as Firehawk
(MicroPort Scientific Inc., Shanghai, China), Promus (Boston
Scientific Inc., Galway, Ireland), Xience (Abbott Inc., Abbott
Park, lllinois, USA), and Biomime (Meril Inc., Vapi, Gujarat,
India), according to current recommendations from the EBC
and at the operators’ discretion.”"” The CS procedure with-
out intravascular ultrasonography (IVUS) guidance deter-
mined the main vessel (LMCA) stent size using Finet's law.™
Furthermore, stent enhancement is a useful imaging tech-
nique for improving operation settings, which was used
in all patients.™ The interventional cardiologist exercised
their discretion in conducting IVUS assessments, by current
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(N=713)

PCI strategies (OSI or CS) or RA-CABG for Medina 0.1.0 LMB Lesions
Between January 2011 and March 2024

Exclusion criteria:
Significant LMCA disease (30-50%) (n=92)
ST-elevation myocardial infarction (n=10)
A prior history of CABG (n=17)
Incomplete revascularizastion (n=38)
Previous PCI of distal LMCA disease (n=84)

A

Cardiogenic shock (n=8)

The bare-metal stent (n=4)

End-stage liver or kidney disease (n=4)

Premature discontinuation of dual antiplatelet therapy (n=3)
Patients lost to follow-up (n=9)

<1-year life expectancy (n=3)

Absence of all medical records (n=2)

(N=439)

Final analysis data from the study

e

\

RA-CABG (Group 1) CS (Group 2)
(n=157) (n=104)

OSlI (Group 3)
(n=178)

Figure 1. Flow chart for the patient selection. CABG, coronary artery bypass grafting; CS, crossover stenting; LAD, left anterior

descending artery; LMB, left main bifurcation; LMCA, left main coronary artery; OSI, ostial stent implantation; RA-CABG,
robotic-assisted coronary artery bypass grafting; PCl, percutaneous coronary intervention

recommendations, utilizing the 3 F Opticross coronary IVUS
catheter (Boston Scientific, Fremont, CA, USA) and an
automatic pull-back system (0.5 mm/sec).” Considerations
such as stenosis severity, plaque evaluation, and ideal land-
ing zone were taken into account when deciding between
angiography and intravascular ultrasound-optimized stent
placement.” Before and after the ostial LAD lesions had
stentsimplanted, standard measures were taken.

Under general anesthesia, the second, fourth, and sixth
intercostal gaps were used to establish 3 ports in the ante-
rior axillary line, and the da Vinci Xi robotic system (Intuitive
Surgical, Inc., Sunnyvale, CA, USA) was introduced to begin
the RA-CABG procedure. A camera equipped with surgical
tools was introduced into the left pleural space along with 2
lateral arms. Under constant carbon dioxide insufflation, the
left internal thoracic artery (LITA) was correctly collected.
The side branches of the LITA graft were harvested using
bipolar cautery forcepsand alow-energy monopolarelectro-
cautery spatula. In a semi-skeletonized fashion, the LITA and
its associated veins were extracted. Using a suction stabilizer
(Octopus Nuvo Tissue Stabilizer, Medtronic, Minneapolis,
USA), the pericardial fat was removed under endoscopic con-
trol. The LAD was then located and an optimal anastomosis
site was determined. The beating heart underwent the off-
pump anastomosis to the LAD. In circumstances where many
veins were involved, the appropriate harvesting vessels were
the great saphenous vein or the radial artery. Anastomosing
the target vessel to the venous graft or radial artery followed
the same procedure. Upon arrival at the intensive care unit,
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the patient was intubated and will be extubated within the
next several hours. Following interventional procedures, the
duration of dual antiplatelet therapy, includingaP2Y12recep-
torinhibitor, was determined depending on the clinical status
of the patient, by current major cardiovascular guidelines.?

Clinical Assessment

Intraprocedural or in-hospital major adverse events (includ-
ing death) were assessed at the time of the event or before
hospital discharge. At 1, 6, and 12 months following the index
procedure (RA-CABG, CS, or OSl), in addition to yearly clinic
visits thereafter, all patients were routinely evaluated.
Exercise stress testing, myocardial perfusion scintigraphy, or
echocardiography was routinely done 6 to 12 months follow-
ing the intervention to measure induced myocardial ische-
mia, and all patients were expected to comply with routine
clinic visits. Invasive coronary angiography (coronary com-
puted tomography angiography if needed) was performed
on all patients who had clinical symptoms or instrumental
evidence of myocardialischemiaduring the follow-up period.
Clinic visits, phone calls (for event confirmation from medical
records), and referrals from other doctors all contributed to
in-depth evaluations of patients’ health. We also checked
the National Death Database to make sure the patients’
lives or deaths were accurately recorded.

Definitions and Study Outcomes

All-cause/cardiac death, clinically driven target vessel
revascularization (TVR), spontaneous target vessel myocar-
dial infarction (TVMI), stent thrombosis, symptomatic graft
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occlusion, stroke, contrast-induced acute kidney injury, and
major bleeding were defined according to the EXCEL trial.”
The primary outcome was measured as major adverse car-
diovascular and cerebral events (MACCE), which were
cardiac death, spontaneous TVMI, TVR, stroke, and stent
thrombosis or symptomatic graft occlusion under mid-term
follow-up.

Statistical Analysis

Descriptive statistics were reported using mean * stan-
dard deviation for continuous variables, and frequency
with percentages for categorical data. The Shapiro—Wilk
and Kolmogorov—Smirnov tests were used to determine
the normality of the distribution of continuous variables. All
continuous variables did not show normal distribution, and
therefore non-parametric tests were used. For 2-group com-
parisons, continuous variables were compared across groups
using the Mann—Whitney Utest and for 3-group comparisons
the Kruskal-Wallis H test was used. Simultaneously, post-
hoc comparisons of the groups’ means were made with the
Bonferroni—Dunn test. Besides, categorical variables were
contrasted using the Chi-squared and Fisher's exact tests. To
identify independent predictors of MACCE in patients with
ostial LAD disease, the characteristics that were discovered
using univariate analyses were subsequently putinto the Cox
regression analysis using backward selection.

To account for treatment selection bias, the Cox propor-
tional hazard regression model for mid-term MACCE was
adjusted using the inverse probability weighted (IPW)
approach to account for treatment selection bias. A multi-
variable logistic regression model was built to estimate the
probability (propensity) of a patient being included in the
OSl group versus others, given a set of measured covari-
ates that would be predictive of the binary outcome (age,
hypertension, EuroSCORE Il, active side branch protection,
and side branch narrowing > 50%). The standard errors of
the hazard ratios from the IPW-adjusted Cox proportional
hazard models are based on the robust sandwich variance
estimator. Adjustment variables for both standard and
IPW-adjusted Cox proportional hazard regression mod-
els were treatment (OSI), current smoker, EuroSCORE-II
score, SYNTAX score, and in-hospital non-fatal major
adverse events. The association between treatment and
outcomes was quantified by univariate Cox regression and
multiple Cox regression analyses hazard ratio (HR) and 95%
confidence interval obtained by IPW-adjusted regression
models. The Kaplan—Meier survival curve was used to dem-
onstrate the cumulative incidence of MACCE, and log-rank
tests were employed for group comparisons. The signifi-
cancelevelwasacceptedasP <.05inallstatisticalanalyses.
All statistical analyses were performed using R software
v. 4.2.2 (R statistical software, Institute for Statistics and
Mathematics, Vienna, Austria).

RESULTS

A total of 439 consecutive patients [male: 341 (77.6%), mean
age: 59.58 * 9.35] with ostial LAD disease were enrolled in
this study. The baseline demographic, clinical, medications,
and lesion characteristics of the groups are depicted in

Kdéseogdlu et al. Ostial Left Anterior Descending Disease

Table 1. The prevalence of older age (60.50 * 6.30 vs. 59.04
+ 10.54 years, P=.023) and hypertension (81.5 vs. 62.9%,
P=0.001) was significantly higher in group 1 than in group 3
(Table 1). Besides, the prevalence of hypertension was sig-
nificantly greater in group 1 compared to group 2 (81.5 vs.
67.3%, P=.009). Groups 1 and 2 had substantially higher
EuroSCORE-Il scores (1.13 £ 0.78 vs. 0.99 * 0.61, P=.003 and
111 £. 80 vs. 0.99 = 0.61, P=.020, respectively) compared to
group 3 (Bonferroni: group 1> group 3) (Table 1). Other demo-
graphic, clinical, and lesion parameters were comparable
between the 3 groups.

Procedural details of the MICS-CABG and PCl arms are sum-
marized in Tables 2 and 3, respectively. The majority of cases
(99.4%) utilized LITA, while a small percentage (7% of all
cases) had multiarterial CABG (Table 2). In PCl groups, arte-
rial access was predominantly femoral, and IVUS was per-
formed in approximately one-fourth of all patients (Table 3).
Besides, group 2 had a significantly higher maximum post-
dilatation balloon diameter (4.70 * 0.27 vs. 398 + 0.29 mm,
P < .001), active side branch protection rate (4.8 vs. 0%,
P=.006), and side branch (circumflex artery) intervention
(14.4 vs. 6.7%, P=.034) compared to group 3 (Table 3).

In-hospital complications and mid-term clinical outcomes
are presented in Table 4. The length of hospital stay in group
1was higher than in groups 2 (5.06 * 1.36 vs 2.20 + 2.24 days,
P <.001) and group 3(5.06 £ 1.36 vs 2.27 + 1.70 days, P < 0.001)
(Bonferroni: group 1> group 2 and group 1> group 3) (Table 4).
The rates of MACCE (26.4 vs 15.9%, P=.020 for groups 3 vs 1;
26.4vs13.5%, P=.011for groups 3vs 2, P=.011for the 3-group)
and clinically driven TVR (15.7 vs 4.5%, P=.001 for groups
3vs 1;15.7 vs 5.8%, P=.014 for groups 3 vs 2, P=.001 for the
3-group) were significantly higher in group 3 thanin groups 1
and 2 (Table 4). Although 3-group comparisons were similar
(P=.81 for 3-group), group 2 had a numerically lower mor-
tality rate than group 3 but did not differ significantly (5.8 vs
12.4%, P=.098) (Table 4).

In the IPW-Cox proportional hazard analysis, the mid-term
MACCE [(unadjusted HR: 1.706, [95% CI: 1115-2.611], P=.014
and adjusted HR (IPW) =229 [95% Cl: 1.360-3.334], P=.001)]
in the overall population notably differed between the group
3 and the others (Table 5).

Kaplan—Meier analysis showed that mid-term MACCE-free
survival was found to be significantly decreased in patients
with the treated OSI (Log Rank P=.032) (Figure 2).

DISCUSSION

This is the first investigation comparing mid-term outcomes
of RA-CABG, CS, and OSl revascularization options for ostial
LAD disease, thereby most effectively reflecting real-world
practice. The 4 major findings of the present study are: (1)
the primary endpoint (MACCE) developed in 86 cases (19.6%)
during the mean follow-up time of 39.41 + 211 months; (2)
RA-CABG and CS revascularization strategies had lower
ischemia-driven combined outcome (MACCE) and TVR
rates compared with the OSI under mid-term follow-up; (3)
RA-CABG had longer hospital lengths of stays and a higher
rate of procedural complications (i.e., pneumothorax) than
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Table 1. Baseline Demographic, Clinical, and Angiographic Characteristics per Study Group

RA-CABG (Group1) CS (Group2) OSI (Group3)
Variables (n=157) (n=104) (n=178) P
Age, years 60.50 + 6.30 5912 +10.87 59.04 +£10.54 108 for 3-group comparison

.347 for groups 1vs. 2
.023 for groups 1vs. 3
.728 for groups2vs. 3

Gender, male 122(77.7) 77 (74.0) 142 (79.8) .536 for 3-group comparison
495 for groups 1vs. 2
.644 forgroups1vs.3
.264 forgroups2vs.3

Comorbidities

Hypertension, n (%) 128 (81.5) 70 (67.3) 112 (62.9) .001 for 3-group comparison
.009 for groups 1vs. 2
.001for groups 1vs. 3
.458 for groups 2 vs. 3

DM, n (%) 66 (42.0) 47 (45.2) 86 (48.3) .515 for 3-group comparison
.615 for groups 1vs. 2
.250 for groups 1vs. 3
.612 for groups2vs. 3

COPD, n (%) 20 (12.7) 13 (12.5) 19 (10.7) .820 for 3-group comparison
955 for groups 1vs. 2
.557 for groups1vs. 3
.6471for groups2vs. 3

CKD, n (%) 32(20.4) 26 (25.0) 37 (20.8) .633 for 3-group comparison
.380 for groups 1vs. 2
927 for groups 1vs. 3
.412 for groups2vs. 3
Hyperlipidemia, n (%) 97 (61.8) 65 (62.5) 112 (62.9) 977 for 3-group comparison
907 for groups 1vs. 2
.830 for groups 1vs. 3
944 forgroups2vs. 3

Smoker, n (%) 69 (43.9) 48 (46.2) 77 (43.3) .892 for 3-group comparison
.726 for groups 1vs. 2
.899 for groups 1vs. 3
.637 for groups 2 vs. 3

Prior PCl, n (%) 45 (28.7) 23(22.) 49 (27.5) .475 for 3-group comparison
.238 for groups 1vs. 2
.818 for groups 1vs. 3
.315 for groups 2vs. 3

Prior stroke, n (%) 1(0.6) 1(1.0) 4(2.2) .413 for 3-group comparison
.768 for groups 1vs. 2
.225for groups1vs.3
.655 for groups2vs. 3

Heart failure, n (%) 27 (17.2) 18 (17.3) 35(19.7) .812 for 3-group comparison
982 for groups 1vs. 2
.562 for groups 1vs. 3
.625forgroups2vs.3

LVEF (%) 5382 +8.10 53.75+9.70 53.21+10.97 994 for 3-group comparison
926 for groups 1vs. 2
947 for groups 1vs. 3
931for groups2vs.3

EuroSCOREII 113 +£.78 111+.80 0.99 £.61 .005 for 3-group comparison
Bonferroni: group 1>group 3
.736 for groups 1vs. 2
.003 for groups1vs. 3
.020 for groups2vs.3

(Continued)

s 304



Anatol J Cardiol 2025; 29(6): 300-311 Kdéseogdlu et al. Ostial Left Anterior Descending Disease

Table 1. Baseline Demographic, Clinical, and Angiographic Characteristics per Study Group (Continued)

RA-CABG (Group1) CS (Group2) OSI (Group3)
Variables (n=157) (n=104) (n=178) P
Clinical presentation, n (%)
CCs 86 (54.8) 54 (51.9) 90 (50.6) .738 for 3-group comparison

.651for groups 1vs. 2
.441for groups1vs. 3
.825 for groups2vs. 3

USAP 22 (14.0) 12 (11.5) 21(11.8) .781for 3-group comparison
.561for groups 1vs. 2
.545 for groups 1vs. 3
948 for groups2vs. 3

NSTEMI 49 (31.2) 38(36.5) 67 (37.6) .440 for 3-group comparison
.371for groups 1vs. 2
.217 for groups 1vs. 3
.853 for groups2vs. 3

Medications, n (%)
Antiplatelet agents 157 (100.0) 104 (100.0) 178 (100.0) -

Beta blockers 135 (86.0) 86(82.7) 154 (86.5) .659 for 3-group comparison
.469 for groups 1vs. 2
.888 forgroups1vs. 3
.384 for groups2vs.3

CCB 20 (12.7) 14 (13.5) 25(14.0) 941 for 3-group comparison
.865 for groups 1vs. 2
.726 forgroups1vs. 3
.891forgroups2vs. 3

ACEI/ARB 140 (89.2) 94 (90.4) 161(90.4) 916 for 3-group comparison
.753 for groups 1vs. 2
.699 for groups 1vs. 3 .986 for
groups2vs.3

Statin 145 (92.4) 93(89.4) 164 (921) .663 for 3-group comparison
.413 for groups 1vs. 2
940 for groups 1vs. 3
.440 forgroups2vs.3

Diuretics 29 (18.5) 21(20.2) 40 (22.5) .661for 3-group comparison
.729 for groups 1vs. 2
.366 for groups 1vs. 3
.654 forgroups2vs. 3

Insulin 35(22.3) 22 (21.2) 42 (23.6) .890 for 3-group comparison
.827 for groups 1vs. 2
.777 for groups1vs. 3
.637 forgroups2vs.3

Lesion characteristics, n (%)

Multi-vessel disease 96 (61.1) 63(60.6) 108 (60.7) 994 for 3-group comparison
926 for groups 1vs. 2
930 for groups1vs. 3
987 for groups 2 vs. 3

SYNTAX score 23.54 + 6.02 23.45+6.24 23.44 +6.08 968 for 3-group comparison
.844 for groups 1vs. 2
.817 for groups 1vs. 3
993 for groups2vs.3

SYNTAX score <22 77 (49.0) 50 (48.1) 84 (47.2) 974 for 3-group comparison
958 for groups 1vs. 2
.824 for groups1vs. 3
.886 for groups2vs.3
SYNTAX score 23-32 62 (39.5) 43 (41.3) 75(421) .833 for 3-group comparison
.765 for groups 1vs. 2
.623 for groups 1vs. 3
.897 for groups2vs. 3

(Continued)
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Table 1. Baseline Demographic, Clinical, and Angiographic Characteristics per Study Group (Continued)

RA-CABG (Group1) CS (Group2) OSI (Group3)

Variables (n=157) (n=104) (n=178) P

SYNTAX score 233 18 (11.5) 11(10.6) 19 (10.7) 998 for 3-group comparison
.823 for groups 1vs. 2
.818 for groups 1vs. 3
980 for groups2vs. 3

Severity of ostial LAD stenosis (%) 78.22+8.95 79.29 £11.04 78.96 £13.20 .290 for 3-group comparison
.285 for groups 1vs. 2
.802 for groups 1vs. 3
128 for groups 2vs. 3

LMCA stenosis < 30% 28 (17.8) 20 (19.2) 33(18.5) 960 for 3-group comparison

.776 for groups 1vs. 2
.867 for groups 1vs. 3
.886 forgroups2vs. 3

CCB, calcium channel blocker; CCS, chronic coronary syndrome; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CS,
crossover stenting; DM, diabetes mellitus; LAD, left anterior descending; LMCA:, left main coronary artery; LVEF, left ventricle ejection fraction;
NSTEMI, non ST-elevation myocardial infarction; OSI, accurate ostial stentimplantation; PCI, percutaneous coronary intervention; RA-CABG,

robotic-assisted coronary artery bypass grafting.

PCl techniques; and (4) beingin group 3 (OSI) was found to be
one of the independent predictors of the mid-term MACCE.

The management algorithm of ostial LAD disease remains a
controversial issue, especially in the rapidly developing stent
technology and RA-CABG. The decision to use one revascu-
larization technique over the other may depend on a better
understanding of the lesion complexity of the atheroscle-
rotic plaques.?*”8" For the PCI strategies, the prevailing
option is between OSl and CS from LMCA to LAD disease."*®
The "keep it simple” 1-stent strategy has strong evidence as
the “gold standard” approach for the management of most
bifurcation lesions.">?° Additionally, the majority of pub-
lishedinvestigations focusonaprovisional approach (CS) and
OSI for ostial LAD disease.>”?'?2 The procedure of accurate
ostial LAD stenting has some concerns. The risk of longitu-
dinal geographic missis particularly high."Placing it too close
to the circumflex artery ostium increases the risk of stent
thrombosis and in-stent restenosis; meanwhile, putting it
too far away raises the risk of missing the sick ostium. Spasm,
dissection, or displacement of the distal LMCA bifurcation
carina or plaque into the circumflex artery ostium can hap-
penevenwiththebeststentplacement.>*Hence, the optimal
stent positioning for the OSl technique is a quite challenging

Table 2. Procedure Details of RA-CABG Group
RA-CABG (Group 1)

Variables (n=157)
LITA use, n (%) 156 (99.4)
Radial artery graft use, n (%) 9(5.7)
Single arterial greft use, n (%) 145 (92.4)
Multiarterial CABG, n (%) 11(7.0)
Saphenous venous grafts, n (%) 72 (459)
Number of total arterial greft 1.06 +.27
Number of total greft 2.01+1.02
Conversion to full sternotomy, n (%) 10 (6.4)

CABG, coronary bypass grafting; LITA, leftinternal thoracic artery;
RA-CABG, robotic-assisted coronary artery bypass grafting.

issue.? Additionally, the concern with the CS technique is the
possibility of plaque shifting to the side branch or the need
for intervention for the side branch and the procedure being

Table 3. Procedural Characteristics of the PCl Groups

CS(Group2) OSI(Group 3)

Variables (n=104) (n=178) P
Accesssite, n (%)

Femoral 100 (96.2) 169 (94 .9) .640

Radial 4 (3.8) 9(57) 773
IABP support, n (%) 7(6.7) 4(2.2) 106
Utilization of IVUS, 32(30.8) 43(24.7) 613
n (%)
Stentdiameter, mm 3.78 +0.26 3.72+0.46 514
Stentlength, mm 23.75+7.04 23.01+514 910
LCx narrowing >50%, 15 (14.4) 12 (6.7) .034
n (%)
Maximum POT 4.70 +0.27 398 +0.29 <.001
balloon diameter, mm
Active SB protection, 5(4.8) 0(0.0) .006
n (%)
SBintervention, n (%) 7(6.7) 8(4.5) .423
Performed RA, n (%) 3(2.9) 3(1.7) .673
Performed IVL, n (%) 2(1.9) 3(1.7) 1.00
Thrombus aspiration, 2(1.9) 7(3.9) .493
n (%)
Tirofiban use during 8(7.7) 14 (79) 1.00
PCl, n (%)
Contrast media 14017 £ 67.23 125.78 + 61.33 12
volume (mL)
Fluoroscopy time, 15.04 + 6.04 15.41+5.07 0.095

minute

Bold indicates significance level at P < .05.

CS, crossover stenting; IABP, intra-aortic balloon pump; IVL,
intravascular lithotripsy; IVUS, intravascular ultrasound; LCx, left
circumflex; LITA, leftinternal thoracic artery; OSI, ostial stent
implantation; POT, proximal optimization technique; RA, rotational
atherectomy; SB, side branch.
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Table 4. In-Hospital and Mid-term Clinical Outcomes per Study Group

RA-CABG (Group 1) CS (Group 2) OSI (Group 3)
Variables (n=157) (n=104) (n=178) P
In-hospital outcomes, n (%)
All-cause-death 1(0.6) 1(1.0) 2(17) 1.00 for 3-group comparison

1.00 for groups 1vs. 2
1.00 for groups1vs. 3
1.00 for groups2vs. 3

ST orSGO 1(0.6) 1(1.0) 1(0.6) 0.872 for 3-group comparison
1.00 for groups 1vs. 2
1.00 for groups 1vs. 3
1.00 for groups2vs. 3

TVMI 4(2.5) 1(1.0) 2(17) .490 for 3-group comparison
.651for groups 1vs. 2
0.425 for groups 1vs. 3
1.00 for groups2vs.3

Stroke 3(1.9) 0(0.0) 2(17) .363 for 3-group comparison
.278 for groups 1vs. 2
.668 for groups1vs. 3
.533 forgroups2vs.3

AKlrequiring RRT 3(1.9) 2(1.9) 3(1.7) 984 for 3-group comparison
1.00 for groups 1vs. 2
1.00 for groups1vs. 3
1.00 for groups2vs. 3

Prolonged endotracheal 1(0.6) 2(1.9) 3(1.7) .609 for 3-group comparison
intubation (> 24 hours) .565 for groups 1vs. 2

.626 for groups 1vs. 3

1.00 for groups 2 vs. 3

Pneumothorax 7(4.5) 0(0.0) 0(0.0) -

Superficial wound infections 2(1.3) 1(1.0) 0(0.0) .341for 3-group comparison
1.00 for groups 1vs. 2
.219 for groups 1vs. 3
.369 for groups2vs. 3

TIMI-major bleeding 6(3.8) 4 (3.8) 5(2.8) .846 for 3-group comparison
1.00 for groups 1vs. 2
.761for groups 1vs. 3
.730 forgroups2vs. 3

Non-fatal MAE 16 (10.2) 7(6.7) 11(6.2) .354 for 3-group comparison
1.00 for groups 1vs. 2
1.00 for groups1vs. 3
1.00 for groups2vs. 3

Hospital LOS, days 5.06 +1.36 220+2.24 2.27 £1.70 < 0.001for 3-group comparison
Bonferroni: group 1> group 2
and group 1> group 3
<.001for groups 1vs. 2
<.001for groups1vs.3
<.001forgroups2vs.3
Follow-up time, months 39.88 £16.76 38.81+25.17 39.35+21.71 .677 for 3-group comparison
.297 for groups 1vs. 2
940 for groups 1vs. 3
573 forgroups2vs.3
Mid-term outcomes, n (%)

MACCE 25(15.9) 14 (13.5) 47 (26.4) .011 for 3-group comparison
.585 for groups 1vs. 2
.020 for groups 1vs. 3
.01 for groups 2vs.3
Cardiac death 12(7.6) 4(3.8) 17 (9.6) .215 for 3-group comparison
.294 for groups 1vs. 2
.536 for groups 1vs. 3
100 for groups2vs. 3

(Continued)
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Table 4. In-Hospital and Mid-term Clinical Outcomes per Study Group (Continued)

RA-CABG (Group 1)

Variables (n=157)

CS (Group 2)
(n=104)

OSI (Group 3)

(n=178) P

TVMI 13 (8.3)

Clinically driven TVR 7 (4.5)
STorSGO 2(1.3)
Stroke

1(0.6)

All-cause death 14 (8.9)

5(4.8) 18 (10.1) .293 for 3-group comparison
.327 for groups 1vs. 2

.578 for groups 1vs. 3

175 for groups 2 vs. 3

6(5.8) 28(15.7) .001 for 3-group comparison
.773 for groups 1vs. 2

.001 for groups 1vs. 3

.014 for groups2vs. 3

2(1.9) 6(3.4) .843 for 3-group comparison
.624 for groups 1vs. 2

.878 forgroups1vs. 3

.714 for groups 2 vs. 3

1(1.0) 4(2.2) .413 for 3-group comparison
1.00 for groups 1vs. 2

.376 for groups 1vs. 3

.655 forgroups2vs.3

6(5.8) 22 (12.4) 181 for 3-group comparison
.477 for groups 1vs. 2

.310 for groups 1vs. 3

.098 for groups2vs. 3

Bold indicates significance level at P < 0.05.

AKI, acute kidney injury; CS, crossover stenting; LOS, length of stay; MACCE, major adverse cardiovascular and cerebral event; MAE, major adverse
events; M|, myocardial infarction; OSI, ostial stent implantation; RA-CABG, robotic-assisted coronary artery bypass grafting; RRT, renal
replacement therapy; ST, stent thrombosis; SGO, symptomatic graft occlusion; TVMI, target vessel myocardial infarction; TVR, target vessel

revascularization.

converted to a bail-out 2-stent technique. Several inves-
tigators reported that the bail-out 2-stent procedure has
a high incidence of poor clinical outcomes.?’ In the past 10
years, RA-CABG may be considered a promising interven-
tion due to all these drawbacks of PCl techniques for ostial
LAD disease.’"” The RA-CABG and other minimally inva-
sive coronary surgery options have grown in popularity due
to the projected lower mortality, perioperative morbidity,
and short-term major adverse events compared to conven-
tional CABG.3>%%8" The other major advantages of RA-CABG
over conventional CABG are: (1) a shorter length of hospital
stay, (2) a lower incidence of acute care facility discharge,
(3) skeletonized LITA, (4) tiny incision, (5) faster recovery,
and (6) good cosmetic effect [3]. Several studies regarding
the comparison of minimally invasive approaches includ-
ing RA-CABG vs conventional CABG in patients with coro-
nary artery disease have been tested in recent years.®2¢
However, a limited number of investigations were reported

regarding the mid-term outcomes of patients with isolated
LAD disease who underwent RA-CABG or PCl with DES,**
and there is no data in the literature comparing RA-CABG
with PCl strategies (CS or OSI) for ostial LAD disease. Hence,
we believe that the present study provides novel insights to
clarify this uncertainty.

We observed that MACCE and clinically driven TVR occurred
more frequently in the OSI group compared to the RA-CABG
and CS groups. However, other endpoints were comparable
between the groups. Several investigators previously indi-
cated that minimally invasive surgical approaches and PCI
had no significant difference in the combined ischemia-
driven outcomes in patients with isolated LAD lesions (ostial
or proximal localization) under mid- to long-term follow-
up.*¥28 Whereas, several investigators reported that mini-
mally invasive surgical approaches, including RA-CABG,
improve clinical symptoms (angina pectoris) and reduce the

Table 5. Univariate Cox Regression and Multiple Cox Regression Analysis Predicting Mid-term Primary Endpoint (MACCE)

Parameters Unadjusted HR 95% ClI P Adjusted HR (IPW) 95% ClI P
Beingin group 3 (OSI) 1.706 1115-2.611 .014 2129 1.360-3.334 .001
Current smoker 0.666 0.424-1.047 .078 0913 0.567-1.470 .709
EuroSCORE-Il score 2108 1.838-2.419 <.001 1.718 1.427-2.070 <.001
SYNTAX score 1158 1114-1.203 <.001 1.091 1.045-1139 <.001
In-hospital non-fatal 4.313 2.474-7.517 <.001 1.758 0.962-3.210 .066
MAE

Bold indicates significance level at P < .05.

Cl, confidence interval; EuroSCORE, European system for cardiac operative risk evaluation; HR, hazard ratio; IPW, inverse probability-weighted;
MACCE, major adverse cardiovascular and cerebral event; MAE, major adverse events; OSI, accurate ostial stentimplantation.
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Log Rank Test

Groups
_— RA-CABG (Group 1)
Crossover stenting (Group 2)
Accurate ostial stenting (Group 3)
—+— Group 1-censored
+~ Group 2-censored

087 Group 3-censored

067

0,44

Log Rank p=0.032

Cumulative MACCE-free Survival (%)

T T T T T T
.00 25,00 50,00 75,00 100,00 125,00

Follow up (months)

Figure 2. Kaplan—Meier survival analysis for primary
endpoint (MACCE) under mid-term follow-up. RA-CABG,

robotic-assisted coronary artery bypass grafting; MACCE,
major adverse cardiovascular and cerebral events.

rate of ischemia-driven outcomes and TVR compared to PCI
in patients with isolated proximal LAD stenosis.>* The sev-
eral concerns in all these publications should be addressed:
(1) LAD lesions were revascularized with minimally inva-
sive direct coronary bypass grafting (not RA-CABG), (2)
bare-metal stents or first-generation drug-eluting stents
were used with PCl in several investigations, and (3) most
studies did not include specific analysis for ostial LAD lesi
ons.37181%2730 Accurate OSland CS techniques are considered
the 2 essential PCls for ostial LAD lesions."** Recently, sev-
eral publications have demonstrated that the CS technique
was associated with lower long-term combined outcomes,
TVR, and mortality rates compared with OSlin patients with
ostial LAD disease.>?"® Likewise, a recent meta-analysis
showed that CS from LAD to LMCA emerges as a prom-
ising revascularization strategy for ostial LAD lesions.*
Conversely, Soylu et al’ suggest that the PCl with OSI was
associated with better long-term major adverse cardiac
events compared to CS.

The major drawback of a minimally invasive approach
(RA-CABG) is its limited indication for revascularization.
Specifically, young patients with proximal LAD disease,
chronic total occlusion of the ostial LAD, advanced age
or comorbidities (e.g., end-stage chronic kidney disease)
with ostial LAD disease, and (4) special situations in which
patients decline conventional CABG with sternotomy
despite the heart team's favorable opinion regarding the
benefits of conventional CABG over PCl. These concerns
prevent the clinical outcomes of this surgical approach
(RA-CABG) from being generalized to all coronary artery
lesions.”®? Additionally, the lack of RCTs, the paucity of
large-scale prospective studies comparing PCl techniques
for ostial LAD lesions, and the quite low use of intravascular
imaging tools in published studies prevent a strong conclu-
sion regarding which PCl technique would have better clini-
cal outcomes than other techniques. The best way to solve
this uncertainty is for prospective studies with routine use
of intravascular imaging to decide which revascularization

Kdéseogdlu et al. Ostial Left Anterior Descending Disease

strategy would improve the clinical outcomes of patients
with ostial LAD disease.

SYNTAX score and EuroSCORE-Il are well-established scor-
ing systems for predicting preoperative adverse events.*’
Likewise, in the present study, we found these scores to be
independent predictors of the mid-term MACCE.

Study Limitations

Several limitations should be addressed in the present study.
First of all, the non-RCT and retrospective design could be
considered a major limitation that might have introduced
selection bias. Therefore, we used an IPW-Cox method to
minimize such a possibility. Second, this was a single-center
study; therefore, these results should be cautiously gener-
alized to other centers. Third, the sample size of the study
was relatively small. However, it is still remarkable for its size
within each group. Fourth, the relatively low rate of imaging
in the current complex PCI climate is also a significant limi-
tation. Fifth, preoperative coronary computed tomography
angiography for LAD assessment was not routinely per-
formed. Lastly, the determination of the severity of lesions
through quantitative coronary angiographic study and regu-
lar physiological examinations is lacking.

CONCLUSION

In conclusion, for patients with ostial LAD lesions, the CS and
RA-CABG strategies may resultin fewer mid-term combined
ischemia-driven outcomes (MACCE) and clinically driven
TVR rates. However, there is no appreciable difference in
mid-term survival for all revascularization options. Although
RA-CABG is less invasive and has better clinical outcomes
than other surgical revascularization options, PCl with CS
has comparable ischemia-driven outcomes and more favor-
able outcomes in terms of length of hospital stay and proce-
dural complications compared to RA-CABG. Therefore, we
advocate revascularization with the CS strategy in Medina
0.1.0 left main bifurcation patients with low and intermedi-
ate SYNTAX scoresand emphasize the evaluation of the mul-
tidisciplinary cardiac team in the decision-making process.
Our findings provide more accurate and generalizable esti-
mates with new insights regarding patients with ostial LAD
lesions. Nevertheless, large-scale prospective RCTs with the
routine use of intravascular imaging tools are warranted to
address the best revascularization option in complex groups
of patients.
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